Treatment options in myocarditis and inflammatory cardiomyopathy Focus on i. v. immunoglobulins
In 2012 we reviewed the treatment options in (peri)myocarditis and inflammatory cardiomyopathy in a special issue of this journal devoted to heart failure and cardiomyopathies [1] . Now, 5 years later, it is timely and appropriate to take stock of old and new data on this topic.
Evolution of diagnoses
In 2013, experts of the European Society of Cardiology (ESC) working group on myocardial and pericardial diseases published a position statement on "The current state of knowledge on aetiology, diagnosis, management and therapy of myocarditis" [2] . Specifically named causes of myocarditis were either infective or immune-mediated or toxic [2, 3] . . Table 1 sums up the long list of possible causative pathogens and compares them with the real-world data of the Marburg Myocarditis Registry (MMR) comprising records of 1098 biopsied patients with suspected inflammatory dilated cardiomyopathy and/or myocarditis [1, 4] . The comments add important clues on how the diagnosis was made in the MMR. Not mentioned but self-evident are a full clinical work-up of the patient including a detailed history, electrocardiogram (ECG) at rest and at exercise, imaging by Doppler echocardiography or cardiac magnetic resonance imaging (MRI), as well as a complete laboratory examination with C-reactive protein (CRP) as a marker of inflammation and N-terminal pro-B-type natriuretic peptide (NTproBNP) and high-sensitivity (hs) troponin T or I as cardiac biomarkers of heart failure and necrosis, respectively. Of note, cardiac MRI is an important method for clarifying the presence of inflammation or fibrosis in addition to function and pericardial effusion, but it cannot substitute endomyocardial biopsy for establishing an etiologically based diagnosis [1] [2] [3] [4] [5] . For the diagnosis of viral vs. autoreactive (nonviral) myocarditis and for the diagnosis of eosinophilic or giant cell myocarditis, endomyocardial biopsy remains essential, while the biopsy work-up includes histology, immunohistology, and polymerase chain reaction (PCR) for RNA or DNA viruses [1] [2] [3] [4] [5] [6] .
Special considerations for complex diagnoses
Whether diabetic cardiomyopathy is a diagnosis of its own is still under discussion. In endomyocardial biopsies of patients with heart failure and diabetes, histology can show microangiopathy, some infiltrating macrophages and leukocytes, and also a positive PCR of viral genomes such as parvovirus B19. Diabetic cardiomyopathy can be part of a syndrome comprising hypertrophy and microangiopathy due to hypertensive heart disease and diabetes and viral persistence [7] . For diagnosis of the underlying etiology, a composite view of the clinical evidence and exclusion of other causes of cardiomyopathy by endomyocardial biopsy can be an important clue. However, behind the curtain of diabetic cardiomyopathy, viral heart disease with or without inflammation can be hidden. But which of the factors is then the major etiological determinant?
This issue also holds true for alcoholic cardiomyopathy [8] . In these patients, alcohol consumption of more than 40 g/day in men and more than 20 g/day in women for more than 5 years is the somewhat arbitrary diagnostic determinant for the label of alcoholic cardiomyopathy. In endomyocardial biopsy, some infiltrating leukocytes may even suggest myocarditis in immunocompetent alcohol-dependent individuals as a likely differential diagnosis.
Clinical syndromes associated with inflammatory cardiomyopathy and myocarditis
Depending on the etiology, genetic predisposition, and comorbidities of the individual patient, at least four clinical syndromes can be identified after coronary artery disease is excluded by angiography (. Fig. 1 ): 1. Life-threatening heart failure or rhythm disturbance 2. Acute chest wall syndrome with angina pectoris-like symptoms, often after an infection 3. Acute onset of heart failure 4. Chronic heart failure . 
Treatment

Restriction of physical activity
In suspected or histologically validated myocarditis, restriction of physical activity for at least 6 months is part of the international guidelines. This is highly recommended until the inflammation has disappeared-evidenced by cardiac MRI or endomyocardial biopsy-and cardiac function has normalized.
Heart failure therapy for inflammatory cardiomyopathy
Heart failure therapy is part of the treatment of inflammatory cardiomyopathy. It was successfully demonstrated in many heart failure trials on angiotensin-converting enzyme (ACE) inhibition such as the CONSENSUS trial with enalapril, the SOLVD trial with captopril, the AT-LAS trial with lisinopril, or the HOPE trial with ramipril. In the CHARM and ELITE II trials, angiotensin receptor blockers demonstrated a similar benefit. Today, beta-blockade is part of the therapeutic armamentarium in the treatment of any form of heart failure as demonstrated in the MERIT-HF trial for metoprolol, the CIBIS trial for bisoprolol, and the COPERNICUS trial for carvedilol. In acute cardiac decompensation, loop diuretics are effective and aldosterone receptor blockers should be given on top of the other heart failure drugs as demonstrated by the RALES trials for spironolactone in heart failure and by the EPHESUS trial for eplerenone in heart failure patients after myocardial infarction. According to the findings of the SHIFT trial, ivabradine can be given to treat sinus tachycardia and to reduce heart rate to below 70 bpm. Cardiac glycosides were tested in the DIG trial, which demonstrated a reduction of allcause and heart failure-related hospitalization with no change in mortality rate. Their use in patients with tachyarrhythmia reduces heart rate and improves the quality of life. Antiphlogistic treatment with nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen or indomethacin should be reserved for patients with pericardial involvement, since in murine coxsackie B3 myocarditis this treatment was shown to be detrimental [12] . For treatment of peri(myo)carditis, we prefer colchicine instead, not only in recurrent forms but also for the first attack [13] .
Antiarrhythmic treatment
Apart from beta-blockers, antiarrhythmic treatments for heart failure and for cardiomyopathy patients have been dis-appointing. A meta-analysis of all trials with amiodarone demonstrated a reduction in total mortality of 13% [14] , but the SCD-HeFT trial, in which patients with a single-chamber implantable cardioverter-defibrillator (ICD) were randomized to amiodarone or to placebo, showed a decrease in mortality for the treatment group only [15] . The discussion of whether rate or rhythm control is more beneficial in the treatment of atrial fibrillation is still ongoing. Sufficient anticoagulation is important under all circumstances.
Device therapy
In patients with dilated cardiomyopathy with or without inflammation, antibradycardia pacing in second-and third-degree atrioventricular block or in bradyarrhythmia is well established. If the ejection fraction (EF) is below 35% and acute myocarditis is diagnosed, causespecific treatment should be carried out with a LifeVest wearable defibrillator. If inflammation has disappeared and cardiac function remains low (EF < 35%), the implantation of an ICD is warranted according to current guidelines [16] .
Immunosuppressive treatment
Idiopathic giant cell myocarditis
If untreated, the natural course of giant cell myocarditis is fatal in almost all cases [17] . The few patients in the MMR were treated with a combination of prednisone and azathioprine (see autoreactive myocarditis). The maintenance doses of prednisone (7.5 mg/day) and azathioprine (50 mg/day) were given as a lifelong therapy. All patients received an ICD and have survived 5 years without heart transplantation.
Cardiac sarcoidosis
In cardiac sarcoidosis the infiltration of cells including giant cells is confined to the noncaseous granuloma. In the MMR, cardiac sarcoidosis was six times more frequent than giant cell myocarditis. The treatment algorithm is either corticoid therapy alone or in combination with 
Eosinophilic heart disease
Eosinophilic heart disease (EHD) and the resulting endomyocardial fibrosis are rare diseases. Its common pathogenetic denominator is the overproduction of cytotoxic eosinophils [19] .
Our experience with long-term prednisone and azathioprine documents a survival rate of 9 out 10 cases over a mean period of 8.4 years [20] . 
Immunosuppression
No randomized or blinded treatment trials have been published in the past 6 years with respect to immunosuppressive therapy in myocarditis. Viral infection, according to common belief, may trigger an autoreactive cellular and humoral immune response that leads to myocardial damage with inflammation. Following this pathogenetic hypothesis, immunosuppressive treatment either by prednisone alone or in combination with azathioprine or cyclosporine was examined in five trials, the results of which are summarized in . Table 3 .
The first randomized, placebo-controlled trial on prednisone in myocarditis was conducted by Parillo et al. [21] , who treated 60 patients with inflammation and 62 without inflammation out of a dilated cardiomyopathy cohort of 122 patients with prednisone: 67% of the patients with inflammation who received prednisone and 28% of inflammation controls experienced an improvement in left ventricular EF of >5% (p = 0.004). The Myocarditis Treatment Trial (MTT) by Mason et al. in 1995 [22] showed neither a benefit nor an increased mortality after a 6-month treatment with cyclosporine A or azathioprine and prednisone when compared with placebo. However, the study was underpowered and did not distinguish viral from nonviral disease, as pointed out in a letter to the editor [23] . In the first 6 months of the immunosuppressive therapy, the MTT showed a trend for the benefit of immunosuppression with respect to transplant-free survival, but it missed statistical significance by one patient. In the later followup, the results remained neutral.
Wojnicz et al. randomized 84 patients with dilated heart muscle disease and increased human leukocyte antigen (HLA) expression for a treatment of azathioprine and prednisone or placebo for 3 months. In the treatment group, EF improved and survival remained comparable between the placebo and verum group [24] .
In the TIMIC study, Frustaci et al. reported that the EF of 43 patients in the treatment group improved from 26.5% at baseline to 45.6% at 6 months (p < 0.001). Similarly, left ventricular end-diastolic volume, left ventricular diameter, and New York Heart Association class improved significantly [25] .
The ESETCID (European Study on the Epidemiology and Treatment of Cardiac Inflammatory Disease) is a doubleblind, randomized, placebo-controlled three-armed trial with prednisolone and azathioprine for autoreactive (virus negative) inflammatory dilated cardiomy- The MMR included 1098 patients with the diagnosis of suspected myocarditis or inflammatory cardiomyopathy who were examined during 1990-2010 (modified from [1, 2, 4] ). Diagnoses were made in most cases via left or right ventricular EMB with PCR, histology, and immunohistology or conclusive serodiagnosis including cardiac autoantibodies CMP cardiomyopathy, DCM dilated cardiomyopathy, Echo enteric cytopathic human orphan virus, EMB endomyocardial biopsy, ELISA enzyme-linked immunosorbent assay, IGRA interferon-gamma-release assay, ISH in situ hybridisation, NSAIDs nonsteroidal anti-inflammatory drugs, PCR polymerase chain reaction, pos. positive opathy in patients with an EF below 45% at baseline. Interferon alpha is given in enteroviral myocarditis, and intravenous immunoglobulins (ivIg) are given in cytomegalovirus, adenovirus, and parvovirus B19 myocarditis, vs. a placebo drug. The intermediate analysis of the immunosuppressive treatment arm showed a positive trend for EF and major adverse cardiac events after 6 months of treatment and significant benefit after 1 year of follow-up for both groups [26] . Remarkably, the control group also showed also some spontaneous resolution.
Intravenous immunoglobulins
ivIg have demonstrated benefit in various inflammatory settings, clinically and experimentally. Treatment with ivIg relies on a polypragmatic therapy approach: IvIg interact widely with the immune system. In addition to immunoglobulin G (ivIgG), the IgGAM Pentaglobin ® , in even lower concentrations than ivIgG, exerts proinflammatory and anti-inflammatory effects. This has been shown in sepsis and also in viral heart disease both clinically and experimentally. Proinflammatory effects are the activation of immune cells and of the complement system and the opsonization of infective agents [27] . Anti-inflammatory effects comprise the neutralization of bacterial and other toxins, of degradation products, and of an excess of complement factors and cytokines. This can stimulate immune cells to set anti-inflammatory cytokines such as interleukin (IL)-1RA and IL-8 free and inhibit the liberation of proinflammatory cytokines, e. g., IL-6 and IL-1 [1] . Anthony et al. [28] have shown that the anti-inflammatory activity of monomeric IgG is completely dependent on the sialylation of the N-linked glycan of the IgG Fc fragment. The IgM fraction in ivIgGAM can play a distinct role in controlling inflammatory and autoimmune disease. Furthermore, IvIgGAM can reduce oxidative stress [29] . Its effect has been shown in heart failure [30] [31] [32] [33] [34] , in peripartum cardiomyopathy [35] , in fulminant [36] [37] [38] , acute [30, [39] [40] [41] [42] [43] [44] [45] [46] , and chronic myocarditis [38] , in dilated cardiomyopathy [46] , as well as in enteroviral [47] and in par- vovirus B19-associated heart disease [48, 49] . IgM-enriched immunoglobulins appear to be effective in lower doses [34] , which corresponds to our own observation with Pentaglobin ® . . Table 4 gives an overview of the ivIg studies. Not all studies reported hemodynamic benefit or improvement, however: The IMAC, a randomized controlled trial, demonstrated improvement in both the treatment and placebo arm [42] , so that in a recent multi-institutional analysis [50] the benefit in a pediatric population was questioned.
The MMR data support a positive effect of 20 g i. v. pentaglobin in adenovirus-positive myocarditis for clinical improvement, with eradication of both the inflammation and the virus [51] . In parvovirus B19 myocarditis, our data indicate a clinical improvement; however, only inflammation is successfully eliminated, whereas parvovirus B19 persistence remains a problem in many patients although the viral load is often decreased.
High-dose ivIG in cytomegalovirus myocarditis
Inbiopsy-provencytomegalovirus (CMV) myocarditis, one controlled trial of 18 patients reported on the eradication of inflammation and elimination of the virus [52] . The patients had received 2 ml/kg i. v. cytomegalovirus hyperimmunoglobulin (CMVhIg) for 3 days and 1 ml/kg for an additional 2 days, alternately.
In parvovirus B19-associated inflammatory dilated cardiomyopathy, dosefinding studies and randomized trials are still lacking and should be planned in the future.
Antiviral treatment with interferon beta
In the BICC trial, patients with enterovirus-, adenovirus-, and parvovirus B19-positive genomes received either 4 × 10 6 or 8 × 10 6 IU interferon beta1b vs. placebo [53] . In the small enteroviral and adenoviral myocarditis strata, interferon-beta tended to eliminate the viral genome, to decrease inflammation, and to improve hemodynamics, whereas in parvovirus B19 and human herpesvirus 6 myocarditis, the response was disappointing. For all three viruses, viral elimination or viral load reduction was higher in the interferon beta-1b treatment group than in the placebo group, but least effective in the parvovirus B 19 treatment arm.
Practical conclusion
